WRE's computer was special, it took input from locally built analogue to digital conversion of missile range data, processed this with locally written software, and produced performance reports, off-line, on Australia's first line printer and the world's first digital plotters. While this machine was a number cruncher, Ovenstone saw that it could be used for business applications -he programmed demonstration examples and told everyone who would listen that this was the way ahead. Like the other first generation computers WREDAC soon had competition from fast, reliable transistorised machines. Unlike the others WREDAC did not have a university environment to support it and its life was relatively short -but productive and inspiring.
Vengeance Weapons and Woomera
Late in 1944, in the fifth year of World War 2, the German army started firing V-2 rockets at Paris, London and many Allied cities. It was understood that they were ballistic missiles carrying around 1 tonne of high explosives, but there was no known defence and the Allies couldn't duplicate the technology. At the end of the war, and with the added knowledge of the US atomic bomb, the UK Ministry of Supply created a Guided Weapons Directorate to develop rocket based armaments. One of their first problems was to create a test site at least 800 km long. Europe was too densely populated and firing over water would limit the recovery of missiles. The best choice seemed to be either somewhere in Canada or Australia Their job was to evaluate rockets principally developed by the UK military contractors and provide detailed technical reports. Considerable equipment was installed on the range to do this. Initially: Woomera, and especially demonstrates the complexity of management as well as technical aspects. A 'woomera' is an Australian Indigenous invention to aid in launching a spear. The thrower uses a long grooved stick to increase the leverage of the throw and propel the spear with extra force.  a wide angle camera which took multiple exposures on a glass photographic plate -this was only useful at night,  a film movie camera,  a pair of kinetheodolites used to track the rocket manually -the telescope image and telescope bearing and elevation angles were recorded on movie film,  radar provided bearing and range which were plotted to show the current position of the rocket and also recorded by movie camera,  12 geophones arrayed round the target position plus a multi-channel sound recorder,  a precision timing source 7 .
These were duplicated and extended throughout the life of the Range. Many rockets also transmitted internal state telemetry by radio which was displayed on a CRT screen and recorded by another movie camera.
What was done with the recordings from these instruments varied according to the rocket developer's requirements, but there was a frequent request for the track in three dimensions, speed through the flight and rotation of the rocket body. After developing the photographic films, analysis started with labour intensive tabulation of data on a frame-by-frame basis. For the kinetheodolite record, the two angle values plus any offset of the rocket image from the centre of the frame were read on a film viewer and listed 8 . The initial planning for the Woomera range included 'Computers' to process this data. In 1946 this meant young women operating electro-mechanical desk calculators. The original estimate was that 6 Computers could analyse one rocket trial in a week.
Computers to a Computer
As trials got under way the team of Computers could transcribe 10,000 data points from film in 50 hours, calculate the 3-dimensional track in another 50 hours, and plot the results in 20 hours. In a particular trial in 1950 there was a discrepancy between 7
Peter Morton 1989 ibid. The kinetheodolites were by Askania, radar was an anti-aircraft AA No.3 Mk.7 unit, position plotting tables were by EMI, the geophone recorder was by Miller, and the timing source was built by AWA.
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Peter Morton 1989 ibid. This lists the many instruments used and how they changed over time plus many of the problems with using the recordings. The LRWE managers were aware of overseas events and sent four representatives to the 'Conference on High Speed Automatic Computing Machines' held at the University of Cambridge in mid-1949. In their report they wrote:
The following remarks are made bearing in mind the possible requirement of a general purpose computer for Australian use. ; and ACE ... at the National Physical Laboratory. All these are general purpose machines, and can be used to solve any problem capable of numerical solution to a high order of accuracy. 2. All the English machines have fundamental differences in conception and design. ... A thorough investigation of these and many other alternatives would be necessary before a choice of design could be made. 3. From informal discussions held during the conference, the capital outlay for such general purpose computers appears to be about £10,000 sterling. This compares favourably with the estimated cost of the Royal Aircraft Establishment's electronic differential analyser, £20,000, and with the annual hire charge for a complete punched-card installationabout £5,000. ... 4. An analysis of the time factor for the calculation of a certain problem ... has shown that the use of an electronic machine can reduce the computation time by hand methods by a factor of 500. 5. A detailed examination of EDSAC circuitry shows that all radio components are standard, and not subject to extreme tolerances. Many complete units, (e.g. teleprinters), would be available as war surplus. ...
In conclusion it is felt that a high speed digital computer could be constructed in Australia without importing materials or labour for the project, but that much investigation would need to precede its design details. . This document described input converters for rocket telemetry, the new doppler radar, and tracking radar. The converters were to re-code the data and write magnetic tapes suitable for the computer. Kinetheodolite film viewers were to be modified to punch paper tape rather than cards. There should also be output converters to accept a magnetic tape from the computer to print tabulated data and draw graphs. Clearly the computer itself had to handle a great deal of input-output, but Allen-Ovenstone's document did not specify great calculating power. All told these were very bold requirements! The specification document was sent to British computer manufacturers, and Allen-Ovenstone with experienced engineer George Barlow travelled to the UK in early 1953. They visited English Electric who had just completed a prototype of their first commercial machine, the DEUCE. However, this didn't yet have software or any performance statistics. It also couldn't be delivered before mid-1955! The other available computer was Ferranti's MARK 1. They found this a 'neat' machine, but it was not constructed of plug-in units which they considered essential for servicing. In addition they suspected that its electrostatic memory would be sensitive to radio transmissions present at Salisbury 18 . A UK computer company they apparently didn't visit was Elliott Brothers. Elliotts had championed plug-in electronics for their WW2 Naval radar and continued this in their first significant computer, the 401. At the same time as the UK visit, the University of Sydney requested information about this machine -and their London contact arranged for this, and sent a second copy to LRWE 19 . With the number of rocket trials rapidly increasing, and still no computer, Barlow and Allen-Ovenstone returned to the UK in mid-1954, and the head of Maths Services, Major Jacoby, travelled to New York for a demonstration of IBM's first large electronic computer, the 701 'Defence Computer'. Jacoby was very impressed 20 . Barlow and Allen-Ovenstone returned to Ferranti for a preview of their new machine, the PEGASUS. They liked the design but thought it was more complicated than LRWE needed, and Ferranti was not interested in building the simpler machine Allen-Ovenstone wanted 21 . At this time Elliott Bros. were working on their first commercial computer, their 402. In addition they had a series of small projects which might be related to the 402 and they administratively grouped these as project 403. The preliminary work for LRWE was based on the same plug-in logic modules as the 402 and identified under the 403 odd jobs classification 23 . Back at LRWE the discussions must have been interesting. Jacoby recommended the IBM 701 though it used similar electro-static memory to the rejected Ferranti MARK 1, while Barlow and Allen-Ovenstone had found the Elliotts people very responsive. The final choice for Elliotts may have owed more to their lower price than the technical arguments. This was just the processor, 16 cabinets nearly 2m tall and formed in a big 'U' shape about 6m wide with 3m arms. Plus power supplies and air-conditioning plant.
Elliotts also developed an 'Output Converter' for WRE. This separate system had a third magnetic tape unit to read processor output, 7 large cabinets of vacuum-tube logic and 5 output devices. The largest was a line printer by Bull of Paris which could print 2 lines of characters per second. Then, remarkably, there were 4 graph plotters. These were Mufax facsimile machines, modified by Elliotts, for which the converter synthesised data streams at 4 lines of dots per second. Printer and plotters used treated paper which had to be developed by the Dyeline process 28 29 . The third major part of the overall system was a pair of Input Converters developed by George Barlow, Leo Cohen and Fred Thonemann at WRE. Rocket telemetry tapes 28 The result is not permanent and there seem to be no extant examples of either output system. 29 an international computing conference for mid-1957. A direct cause was given in the conference proceedings -WRE had been providing advice on computers "on a consulting basis, with their application to office procedures for banks, insurance companies and general administration of large undertakings". WRE gave three objectives for the conference: (a) to tell the many interested people and organisations of our experiences and to show them our system and equipment and demonstrate our operations; (b) to get intelligent and constructive criticism of our methods from those versed in the art with a view to improving our techniques and operations; (c) to provide sound advice from our own staff, and the many renowned visiting delegates and lecturers, to those business and technical delegates interested in the use of such machines in their own spheres of activity.
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For the first of these objectives John Ovenstone 41 wrote two demonstration programs to run on WREDAC:
Stock and Inventory Control -to model a business producing 500 items manufactured from 1,000 catalogued components and to demonstrate tracking of stock levels, production changes and costs. Hourly Payroll Calculations -which modelled a business with complex employee records, daily employee details updates, and weekly hours worked, then it produced pay lists and total wage details.
For each of these he considered many practical issues, such as the time required to prepare the basic records and the regular update procedures. He created a suite of sample records and documented the programs with flowcharts. Ovenstone also prepared a paper on computing for business accounting.
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The Conference was enormous, and it was split into three sections: There were 8 talks involving WREDAC, 14 related to the other Australian computers (CSIRAC, UTECOM and SILLIAC), 8 on UK computers and another 8 'advertising' commercially available equipment. Plus 8 talks on the older analogue computing techniques and a collection more on various technical issues. Overall 68 papers were presented over the 6 days of the conference along with discussions and demonstrations.
Initial papers repeated the usefulness of WREDAC and its associated systems and added:
Other applications of the WREDAC computer have been exploited outside the field of guided missiles. For example, it has already been applied to a variety of calculations arising in aerodynamics and aircraft structures, and now the possibility of its use for business calculations is under consideration. An officer of the Public Service Board has spent some time here studying the WREDAC in order to report to the Board on the possible applications of high speed digital computers in Government Departments.
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Clearly the conference was a great success, and with hindsight the proceedings provide a remarkable description of the start of British and Australian digital computing, along with papers that had surprising influences subsequently 44 . George Barlow, who was deeply involved in developing the WREDAC system, was fascinated by one presentation in particular. He wrote later:
At the time we knew we were ahead of the British ... To my delight, I found that while RCA, who operated the [missile test] range at Cape Canaveral, had both Telemetry and Doppler Converters, neither worked. ... Bill Boswell was so pleased that he dispatched Bill Watson and myself to a conference in New York held by the Instrument Society of America, which had a session scheduled on Automatic Processing of Trials Data ... We were just in time to hear the chairman say, 'Well, we all agree that range data is a fruitful ground for automatic processing, but has anybody actually done it?' Bill nudged me, and I managed to stammer out that we had automatically processed telemetry data -in Australia. There was a stunned silence.
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Whether John Ovenstone was inspired by the conference, or frustrated by his programming experience, he had instigated a series of improvements to WREDAC by the end of 1957. The first was a much enlarged operator's console. The original was an array of switches and two modest display tubes built into a processor cabinet which had to be used while standing. The replacement was an imposing desk with switches, dials and two television sized screens. This would certainly have provided a much more comfortable program debugging environment! 46 In addition he specified additions to the processor's logic. Three new instructions would be provided to modify the operation of existing instructions:
'Use B-lines' allowed for multiple groups of address modification, or indexing hardware, i.e. more complex handling of tabulated data, 'Use Logic' would support new hardware for floating-point arithmetic, and for business oriented character operations, and 'Use Units' would allow more magnetic tape drives to be installed, along with multiple paper tape readers and punches, without changing existing input/output instructions.
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Ovenstone's vision and ability to get things done did not go unnoticed. In 1958 he was promoted out of WRE to First Assistant Secretary for the Department of Defence where he worked at converting many administrative tasks to computer operation -but that's another story. The program loader (or initial orders) occupied 64 words and set a number of memory locations. It could modify an instruction's address to support standard subroutine loading by defining locations identified by A, D, G, H, K, M, N, S or U to be set to a load address. Then, instructions with this letter appended to their address field would be modified at load time, e.g.
QA 300 α sets the load address to 300 and places 300 in load variable 'A' CA 5 A α is loaded into 300 with its address modified to 305. For the Use command, control equipment = 0 for paper tape reader, unit = 0 or 1 = 1 for paper tape punch, unit = 0 or 1 = 2 for magnetic tape channel 0, unit = 0 to 3
